






..... 
'" II 

'" 0 
0 ... 

5.0 

4.0 

3.0 

7.0 

1.0 

0.0 
7B n 66 60 54 411 42 3& 30 7. 18 12 6 0 

KILOMETER 

- CALCUlATtD + Q8SlRVED 

FIGURE IV-7 

VERIFICATION MODEL RESULTS AND OBSERVED VALUES 
FRlJII THE FEBRUARY 16. 1988 SAMPLING OF 

THE LEON RIVER ABOVE lAKE BELTON 



.... 
'" • 
z . 
'" :z: 
z 

.... 
'" E 

:z . .... 
0 
:z 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

711 

1.5 

1.4 • 

1.3 

1.2 

1.1 . 

1.0 

0.9 

0.8 • 

0.7 • 

0.6 • 

0.5 • 

0.4 

0.3 

0.2 t-
0.1 

0.0 

711 

.... .... 
~ ... 
-' 
-' ,.. 
'" ... 
~ 
+ '" ... 

r! 

n " 60 54 411 42 36 30 24 II 12 & 0 

.... .... 
~ ... 
-' 
-' ,.. 
'" ... .... 
~ 

+ 

n 

- CAlCllATW 

+ 

... ... 
i 
+ 

. 

KI LOMETER 

+ 0IIS(1I'Im 

. . . 
" 60 54 411 42 36 30 24 18 12 6 0 

KILOMETER 

- CAlCllATW + 0IIS(1I'Im 

FIGURE IV-7 

VERIFICATION MODEL RESULTS AND OBSERVED VALUES 
FROM THE FEBRUARY 16, 1988 SAMPLING OF 

THE LEON RIVER ABOVE lAKE BElTON 
(continued) 



r "'I 

1.5 

1.4 

1.3 -

1.2 -

1.1 -
'" .... - 1.0 - >-.... ! 

'" e 0.9 -
+ - 0.11 -:z "" ... , 

0.7 - 3: '" .. ... 
0 ~ 

0.6 - ~ 

> 
~ 

0.5 - ... ... 
:5 

0.4 
f-

0.3 

0.2 -

"-
0.1 

0.0 , , , , , , , 
TIl n 66 60 54 41 42 36 30 24 18 12 6 0 

KilOMETER 
- CoIilC1.U.Tm + OBSlERYm 

, 

FIGURE IV-7 

VERIFICATION HODEL RESULTS AND OBSERVED VALUES 
FROM THE FEBRUARY 16, 1988 SAMPLING OF 

THE LEON RIVER ABOVE lAKE BELTON 
(continued) 

\.. ~ 



I' " 
I 

I -

V -I-
7 - ... 

'" + E ... -
I - ... 

! 
5 -

- -.... 
'" 4 -

.. ..-.... + • .... 
'" '-' . 

0 3 - :'Ii 
Q ~ 

i 

2 -

I -

0 . I , 
21.5 11.5 5.5 

KILOMETER 

- CAlCllATID + OIISER'I'E) 

5 

4 -

"" .... .... 
'" '-' 

3 - :'Ii - ~ 

.... i 
'" • t . 
on 
Q 2 -0 

~ 
.. -'" ... 

'" >- E '" " ... 
1 - + .;. 

-----------
0 , , 

21.5 11.5 1.5 
KILOMETER 

- CAlCllATID + OIISERVID 

FIGURE IV-8 

VERIFICATION HODEL RESULTS AND OBSERVED VALUES 
FROM THE NOVEMBER 3-4, 1987 SAMPLING OF THE 

LEON RIVER BELOW LAKE BELTON 
\. .I 



"­
<II 
E . 
z . .., 
:z: 
Z 

"-

2 

1.9 

I.! 

1.7 

1.6 

1.5 

I.~ 

1..3 

1.2 

1.1 

0.9 

0.11 

0.7 

0.6 

0.5 

0 •• 

0..3 

0.2 

0.1 

0 

3.2 

3 

2.11 

2.6 

2 •• 

2.2 

2 

<II 1.11 
E 

z . .., 
o 
z 

1.6 

I.~ 

1.2 

0.11 

0.6 

o.~ 

0.2 

-
'" ... 
~ 

26.5 

- CoIlClUTID 

26.5 

- CoIlClUll' 

16.5 6.5 
\(1 LOMETER 

+ OBSIE RI'tO 

... ... 
:IE: ... 

1&.5 
KILOMETER 

+ OBSIERI'tO 

6.5 

FIGURE IV-8 

VERIFICATION HODEL RESULTS AND OBSERVED VALUES 
FROM THE NOVEMBER 3-4, 1987 SAMPLING OF THE 

LEON RIVER BELOW LAKE BELTON 
(continued) 

+ 

+ 



-... 
'" E 

. 
z . 
'" '" 0 

~ 

3.5 

3 

2.5 

2 

1.5 

0.5 

o 

-

-

-

-

-
... ... 
>-
~ 
i 

26.5 

- CALCllATED 

~ 

'" .... .... 
'" u 

~ 
~ 

i 
r-

... ... 
:E ... 
+ 

. I 

16.5 
KILOMETER 

FIGURE IV-8 

I 

6.5 

VERIFICATION MODEL RESULTS AND OBSERVED VALUES 
FROM THE NOVEMBER 3-4, 1987 SAMPLING OF THE 

LEON RIVER BELOW LAKE BELTON 
(continued) 

+-



IV-32 

impact. The variability of the water quality in a stream where the 
processes i nfl uenc i n9 water quality are domi nated by plant 1 ife is much 
greater than a stream where the dominating processes are nitrification and 
sediment processes. 

Application of Stream Models 

The stream water quality models described in the previous sections were 
used to determine" effluent requirements associated with projected flows. In 
making these determinations, the following effluent criteria were used for 
screening purposes: 

1. Secondary Treatment: 
BOD5 = 20 mg/l 
NH3-N = 15 mg/l 
Dissolved Oxygen = 2 mg/l 

2. Advanced Secondary Treatment: 
BOD5 = 10 mg/l 
NH3-N = 15 mg/l 
Dissolved Oxygen = 2 mg/l 

3. Advanced secondary treatment with nitrification 
BOD5 = 10 mg/l 
NH3-N = 3 mg/l 
Dissolved Oxygen = 4 mg/l 

4. Tertiary Treatment: 
BOD5 = 5 mg/l 
NH3-N = 2 mg/l 
Dissolved Oxygen = 5 mg/l 

These criteri a were based on profess i ona 1 judgement and the Texas Water 
Commission's Effluent Standards for Domestic Wastewater Treatment Plants 
(see 31 TAC 309.2, Table 1, 1986). BOD5 concentrations for effluent 
conditions 1, 2 and 3, above, were based on Texas Water Commission Effluent 
Standards as were dissolved oxygen concentrations for conditions 2 and 3 and 
the NH3-N concentration for condition 3. Other values such as the NH3-N 
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concentration of 15 mg/1 for conditions 1 and 2 were based on professional 

judgement. 

As ment i oned, the above criteri a were used for screeni ng purposes. In 

modeling some of the streams in the study area, additional criteria (e.g., 

BOD5 = 10 mg/1, NH3-N = 2 mg/1, and Dissolved Oxygen = 6 mg/1) were tested 

and found appropriate for meeting stream dissolved oxygen standards. 

The fo 11 owi ng paragraphs descri be the app 1 i cat i on of the stream models in 

project i ng wastewater treatment plant eff1 uent requi rements in the study 

area. 

Leon River Above Lake Belton. The Leon River above Lake Belton receives 

effluent from three municipal WWTP's in the modelled reach. The projected 

flows, by decade, are: 

1990 2000 2010 2020 2030 
Location F10w,MGD F10w,MGD F10w,MGD F10w,MGD F10w,MGD 

Gatesville 1.14 1. 52 2.02 2.68 3.62 
North Fort Hood 0.25 0.33 0.44 0.59 0.79 
Oglesby 0.05 0.06 0.07 0.07 0.08 

In using the model to reflect expected future conditions, the sett1 ing 

rates were reduced to reflect the lower sol ids in the effluent associated 

with higher treatment levels. Similarly, the sediment oxygen demand was 

reduced to refl ect the lower organ i c soli ds from the effl uent that wou1 d 

sett 1 e and decompose. The temperature was set at 27.5·, based on the 

average of TWC' s data for August temperatures plus one standard devi at ion 

for years 1979, 1981, 1982, 1983, 1985 and 1986. The headwater flow was set 

to the 7Q2 flow of 2.0 cfs based on information in the Texas Surface Water 

Qua 1 ity Standards. These cond it ions were meant to represent the crit i ca 1 

conditions of the stream. 
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In order to determine the effluent requirements needed to meet a stream 
dissolved oxygen standard of 5.0 mg/l numerous effluent quality conditions 
were tested using the QUAL-TX model. The effluent conditions evaluated and 
the dissolved oxygen response to each effluent condition are shown in Figure 
IV-9 for the years 1990, 2000, 2010, 2020, and 2030. 

As can be seen from Figure IV-9, the 1990 effluent flows would meet the 
stream dissolved oxygen standard of 5.0 mg/l with Gatesville discharging at 
the advanced secondary level with nitrification (10/3/4) and the other two 
dischargers at the advanced secondary level (10/15/2). The flows in 2000 
using the same effluent quality would produce dissolved oxygen levels just 
below the standard, and as effluent flows increase in the succeeding 
decades, the dissolved oxygen will be further suppressed. Accordingly, 
tertiary treatment (5/2/6) was tested for the year 2030 and found to be more 
than adequate in meeting the stream dissolved oxygen standard. Following 
questions by the City of Gatesville concerning the appropriateness of 
tertiary treatment, an additional effluent set (Gatesville BOD5 = 10 mg/l, 
NH3-N = 2 mg/l, Dissolved Oxygen = 6 mg/l) was tested which predicted 
dissolved oxygen levels above the dissolved oxygen standard for all 
scenari os. Based on the above, the fo 11 owi ng effl uent requi rements are 
recommended. 

Projected Flows Required Effluent Quality 
North North 

Gatesville Fort Hood Oglesby Gatesville Fort Hood Oglesby 
Year (MGD) (MGD) (MGD) 

1990 
2000 
2010 
2020 
2030 

1.14 
1. 52 
2.02 
2.68 
1.&2. 

0.25 
0.33 
0.44 
0.59 
0.79 

0.05 
0.06 
0.07 
0.07 
0.08 

10/2/6 
10/2/6 
10/2/6 
10/2/6 
10/2/6 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 

Note: Effluent Requirements Shown in Terms of BOD/NH3-N/DO. 

10/15/2 
10/3/4 
10/3/4 
10/3/4 
10/3/4 



,...... 
'-01 

E ......... 
z 
w 
~ 
x a 
Cl 

~ 
...J 
a 
Vl 
Vl 
is 

,...... 
'-01 
E ......... 
z 
w 
(!) 

>-
X a 
Cl 
w 
> 
...J a 
Vl 
Vl 
Cl 

8.0 

7.5 

7.0 

6.5 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

8.0 

7.5 

7.0 

6.5 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

FOR 1990 EFFLUENT FLOWS IN THE LEON RIVER 

Key 

GATESVILLE 
EFFLUENT 
QUALITY 

B0D5/NH3/DO 

- 10/2/8 
o 10/5/4 
+ 10/15/2 
o 20/15/2 

78.0 66.5 55.0 43.5 32.0 20.5 9.0 

RIVER KILOMETER 

FOR THE 2000 EFFLUENT FLOWS IN THE LEON RIVER 

++++ 000 
++++ 

+++ 000 
0 

++ 00 

++ 
++~ ++++++ 0000 

+ ++ 00 
++ +++++ 00 

++ 00 
++ 

++ 00 

++ DO 

++ 00 
ol:b 00 + 

+ DO 0 00 Ke1J r:t + 
0++++ 0

0 000 

0 DO 
GATESVILLE 

0 EFFLUENT 
0 

0
000 

0 
QUALITY 

0 0 BOD5/NH3/DO 
0 0 
0 0 - 10/2/8 0 o 0 

+ 10/3/4 %0 
0 10/15/2 

3.0 -f----r----,-----;r----.-----r----r------1 

78.0 66.5 55.0 43.5 32.0 20.5 9.0 

RIVER KILOMETER 

FIGURE IV-9 
PROJECTED DISSOLVED OXYGEN CONCENTRATIONS 

FOR LEON RIVER ABOVE LAKE BELTON 



8.0 

7.5 

....... 
7.0 '-0> 

E 6.5 '-' 

z 
w 6.0 t!) 
>-x 5.5 0 

a 
5.0 ~ 

....J 
0 4.5 (f) 
(f) 

a 4.0 

3.5 

3.0 

78.0 

8.0 

7.5 

....... 7.0 
'-0> 6.5 
E 

'-' 6.0 
z 
w 5.5 t!) 
>-x 5.0 0 

a 4.5 w 
> 
....J 4.0 0 
(f) 
(f) 3.5 
Ci 

3.0 

2.5 

2.0 

78.0 

FOR 2010 EFFLUENT FLOWS IN THE LEON RIVER 

66.5 55.0 43.5 32.0 

RIVER KILOMETER 

20.5 

K811 

GATESVIU.E 
EFFLUENT 
QUAlJTY 

BOD5/NH3/DO 

- 10/2/6 

+ 10/3/4 
o 10/15/2 

9.0 

FOR THE 2020 EFFLUENT FLOWS IN THE LEON RIVER 

66.5 55.0 43.5 32.0 20.5 
RIVER KILOMETER 

FIGURE IV-9 

Key 

GATESVIU.E 
EFFLUENT 
QUAlJTY 

BOD5/NH3/DO 
- 10/2/6 
+ 10/3/4 
a 10/15/2 

9.0 

PROJECTED DISSOLVED OXYGEN CONCENTRATIONS 
FOR LEON RIVER ABOVE LAKE BELTON 

(CONTINUED) 



8.0 

7.5 

,....,. 7.0 
""'-0- 6.5 
E 
'-' 6.0 
z 
w 5.5 (!) 
>-x 5.0 0 

Cl 4.5 w 
> 
...J 4.0 0 
(f) 
(f) 3.5 
Cl 

3.0 

2.5 

2.0 

78.0 

FOR THE 2030 EFFLUENT FLOWS IN THE LEON RIVER 

66.5 55.0 43.5 32.0 
RIVER KILOMETER 

FIGURE IV-9 

20.5 

GATESVILLE 
EFFLUENT 
QUAIJTY 

BOD5/NH3/DO 
- 10/2/6 
o 5/2/5 
+ 10/3/4 
o 20/15/2 

9.0 

PROJECTED DISSOLVED OXYGEN CONCENTRATIONS 
FOR LEON RIVER ABOVE LAKE BELTON 

(CONTINUED) 



IV-38 

No lan Creek. Projected wastewater flows di scharged into Nolan Creek were 
modelled using the TWC's Draft Wasteload Evaluation for Nolan Creek 
pub 1 i shed June 2, 1986. Three scenari os were developed for the projected 
wastewater flows and treatment in the Kileen-Harker Heights-Nolanville 
planning area. The first alternative assumed that all wastewater flows 

would be treated and discharged into Nolan Creek (no point discharge into 
Lake Stillhouse Hollow) using the existing WWTPs and constructing a new 

plant for the year 2010 just downstream of Bell County WCID #1. 

The second alternative assumes that the majority of wastewater flows are to 

be discharged into Nolan Creek and flows generated from the Onion Creek 
WWTP (built in 2020) and other selected areas near the lakeside will 

discharge into Lake Stillhouse Hollow. This would reduce flows from the 

WCID #1 STP #2 plant in the year 2020 to 3.45 MGD and in the year 2030 to 

7.11 MGD. The Onion Creek WWTP would discharge 0.25 MGD in the year 2020 

and 0.63 in the year 2030. 

The third alternative for the pl anning area involved building a treatment 

plant in the year 2020 that would discharge into Lake Stillhouse Hollow via 

plants on Tri mmi er Creek and On i on Creek. Some of the fl ows generated in 

the earlier growth areas would be diverted to this plant. 

Results of the Nolan Creek model showed that the effluent qual ity for all 

four plants discharging into Nolan Creek was essentially the same for all 

three alternatives. The projected plant flows for each alternative and 

the required effluent quality to maintain the standard of 5.0 mg/l 

dissolved oxygen in Nolan Creek are shown below. 
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Projected Flows Bggyjreg Effluent gyalit~ 
Harker Harker 
Heights Heights 

WCID #1 WCID #1 WCID #4 WCID #3 WCID #1 WCID #1 WCID #4 WCID #3 
(MGD) STP #2 (MGD) (MGD) STP #2 

Year (MGD) 

Alternative #1 
1990 14.37 0.00 1.51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1.93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 3.64 3.00 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.68 3.72 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Alternative #2 
1990 14.37 0.00 1. 51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1. 93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 3.45 3.00 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.11 3.72 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Alternative #3 
1990 14.37 0.00 1. 51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1.93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 1.06 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 2.22 2.44 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 4.16 2.70 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO. 

House Creek. Turke~ Run Creek. Clear Creek. For the Copperas Cove planning 

area, flows were projected for the three existing WWTPs. To simulate the 

impacts of the projected flows, the House Creek, Turkey Run Creek, and Clear 

Creek models were used. The projected flows, by decade, are: 

1990 2000 2010 2020 2030 
WWTP MGD MGD MGD MGD MGD 

NE 0.92 1.07 1.19 1.29 1.35 
NW 1. 51 1.89 2.04 2.23 2.46 
S 0.85 1.37 1.59 1.75 1.93 
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The stream standards for all three receiving streams require maintaining a 
3.0 mg/l dissolved oxygen concentration. To simulate the critical 
conditions, the headwater flow was set to 0.1 cfs based on the Texas Water 
Commission policy for assuming minimum background flows. The water 
temperature set to 29.S·C. This is the average summer temperature plus one 
standard deviation. The projection models showed that, to meet the stream 
standards for all three streams and all projected effluent flows, the 
required effluent quality is advanced secondary treatment with 
nitrification (10 mg/l BODS, 3 mg/l ammonia nitrogen, and 4 mg/l dissolved 
oxygen). 

Sul phur Creek. The Sul phur Creek model was used to determi ne the impact 
and the required effluent quality for the City of Lampasas' two wastewater 
treatment plants to maintain the 3.0 mg/l dissolved oxygen standard in the 
stream. For the Lampasas planning area, two population projections were 
deve loped that bracketed the future popul at ion. The two exi st i ng WWTPs, 
which are located adjacent to one another were assumed to be used to treat 
all projected flows. The total projected flows were: 

1990 
Projection MGO 

Low 0.70 
High 0.74 

2000 
MGO 

0.90 
1.01 

2010 
MGO 

1. 20 
1.42 

2020 
MGO 

1.50 
1.96 

2030 
MGO 

1.80 
2.62 

The model was modified to reflect critical conditions by using a headwater 
flow of 2.0 cfs and a water temperature of 30.0·C. The results of the 
modell ing showed that for both the low and high projections for the year 
1990 the required effluent quality is advanced secondary treatment (10 mg/l 
BOD, 15 mg/l ammonia nitrogen, and 2 mg/l dissolved oxygen). For all other 
years for both the high and low projections, the required effluent quality 
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is advanced secondary treatment with nitrification (10 mgjl BODS, 3 mgjl 
ammonia nitrogen, and 4 mgjl dissolved oxygen). 

Leon River Below Lake Belton. The Leon River below Lake Belton model was 
used to explore the impact of the expans i on of the BRA Regi ona 1 WWTP, 

located on Nolan Creek just upstream of the confluence with the Leon River. 

The model was modified to reflect expected future conditions and critical 

conditions. The Leon River flow below the dam was set at 0.5 cfs (the 7Q2 

fl ow) and the water temperature set at 24.3·C. The SOD, BOD, and NH3 

react i on rates were reduced to refl ect the improved effl uent 
characteristics. Two flows from the BRA WWTP were used,S MGD and 10 MGD. 
All other flows in Nolan Creek were assumed to be at the 1995 projections 

and required quality as specified in the TWC wasteload allocation report 

for Nolan Creek. The modeling results showed that for a permitted flow of 

10 MGD the required effluent quality to meet the stream standard of 5 mgjl 

for dissolved oxygen is 10 mgjl BODS, 2 mgjl ammonia nitrogen, and 6 mgjl 

dissolved oxygen. 

Lampasas River Below Lake Stillhouse Hollow. The Lampasas River below Lake 

Stillhouse Hollow was modelled to receive 0.65 MGD from three small 

hypothet i ca 1 plants from 1 akeshore developments. These plants represented 

a poss i b 1 e scenari 0 of development around the 1 ake. The results of the 

model showed that a secondary treatment level, 20 mgjl BOD, 15 mg/l 

ammonia, and 2 mg/l dissolved oxygen would be sufficient for the Lampasas 

River to meet the stream standard of 5 mg/l dissolved oxygen. 

Discussion of Observations During Model Use 

For the Leon River above Lake Belton, Sul phur Creek, Cl ear Creek, the 

Lampasas River above Lake Stillhouse Hollow, and the Lampasas River below 

Lake Stillhouse Hollow, the impact and interaction of aquatic plant life 

appears to affect water quality. Thi sis poi nted out because QUAL -TX and 
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the simpl ified Streeter-Phelps model used in this study are both steady 
state models with fixed reaction and process rates that are not time 
variable, whereas, growth and death of aquatic plant life follows seasonal 
cycles, where, if the process rates were to be quantified, they would be 
time variable. 

During the period defined as critical, the streams are characterized by low 
flow and warm water temperatures and aquatic plant life is generally 
growi ng at its maxi mum rate. Nutri ent uptake and oxygen product i on are 
generally at their peaks. Calibration data sets were collected from 
September through N~vember, so growth rates and uptake rates were probably 
below the maximum. The projection model may then be conservative on the 
uptake rates of nutrients by plant life. 

Using dissolved oxygen is generally a good indicator of a impact of the 
discharge on a stream's quality. Both the Streeter-Phelps and QUAL-TX 
models simulate the major processes influencing dissolved oxygen. As 
previously expl ained, in using these model s, adjustments were made that 
refl ect the expected future conditions of the stream bei ng modelled. For 
examp 1 e, a reduct ion in sett 1 i ng was assumed to account for lower future 
effluent TSS concentrations. After these adjustments were made, the 
projection models provided a good conservative estimate of the impact of 
the future point sources on stream dissolved oxygen. 

Other impacts to receiving streams may not be identified using dissolved 
oxygen models. Based on observations made during the stream surveys, 
aquatic plant life may be adversely impacted by dischargers. For example, 
based on visual observations in the field, Clear Creek is severely impacted 
by nutri ents from the WWTP discharge. The stream has broad very slow 
moving pools, that are now completely blanketed in filamentous algae, with 
a mat well over six inches thick. The nutrient levels observed in the 
stream reflect plant nutrient uptake. 



LAKES 

Introduction 

This study used chlorophyll 'a', a 
measurement of lake water quality. 
popu1 ations eventually increase. The 
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constituent of algae cells, as a 
All lakes age naturally and algae 
extent of thE: algae popul at i on, and 

associated water quality indicate a measure of aging called eutrophication. 
Very clean lakes are referred to as oligotrophic where low algae and 
nutrient concentrations are found. Lakes with sl ight1y higher 
concentrations are referred to as mesotrophic, and lakes with high 
concentrations of nutrients and algae are eutrophic. Texas lakes are 
usually either mesotrophic or eutrophic due to the rich inflow of nutrients 
washed into the 1 ake with eroded soil and other materi a 1 assoc i ated with 
point and nonpoint sources. High concentrations of algae can cause changes 
in visual appearance. Depressions of dissolved oxygen can also occur 
because of the hi gh organi c load associ ated wi th the algae as it dies and 
settles to the lake bottom. In the context of this report a sink is a place 
with i n the 1 ake such as the 1 ake bottom where nutri ents are depos i ted and 
can accumul ate. A source is a place where nutri ents ori gi nate. Under 
certain conditions, lake sediments can become a source by releasing 
accumul ated nutri ents into the water column. Taste and odor problems in 
drinking water can result from high algae concentrations and/or depressed 
dissolved oxygen. 

As indicated in the discussion of lake water quality objectives; Lakes 
Belton and Sti11house Holloware ranked among the least eutrophic lakes in 
Texas based on chlorophyll 'a' measurements ina state-wi de 1 ake water 
quality data base (State of Texas Water Quality Inventory, 1986). However, 
examination of the average annual ch1prophy11 'a' data collected during the 
year's sampling associated with this project, indicates that these lakes 
have average annual chlorophyll 'a' concentrations closer to the average for 
all lakes in the state water quality data base than originally believed. 

The extensive annual sampling information developed in the current study is 
a realistic assessment of water quality for both Lakes Belton and 
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Stillhouse Hollow. It is probable that the low historical chlorophyll 'a' 

values previously reported are probably a result of the small number of 

intermittent samples included in the state data base. Also it appears that 

the state-wide data base may not include results of earlier local studies 

such as that by CTCOG (1980) for Lakes Belton and St ill house Hollow. In 

any case, the recent data suggests that annual average chlorophyll ' a' 

values are on the order of 11 ug/l at main lake stations close to the dams. 

Calibration 

Both Lakes Belton and Stillhouse Hollow were modelled using WASP, an EPA 

program that simulates water quality changes over both time and space. The 

kinetic subroutine used in WASP is developed by the user, and the main WASP 

program s i mul ates the transport. Application of the model requires an 

extensive data base, such as that developed from the sampl ing program in 

this study. The analysis considers the change in the concentration of 

chlorophyll 'a', ammonia, nitrate, organic nitrogen, orthophosphorus, 

unavailable phosphorus (unavailable for uptake by algae), BOD5 and 

dissolved oxygen. 

Algae concentrations represented by chlorophyll 'a' growth are rel ated to 

light availability, ammonia and nitrate concentrations, orthophosphate, and 

temperature. Algae removal in the WASP model is associated with settling, 

predation, respiration, and nonpredatory death. Losses of algae result in 

BOD, organic nitrogen and unavailable phosphorus that can be reintroduced 

back into the water co 1 urnn. Growth of algae adds d i sso 1 ved oxygen to the 

water column while death and respiration remove oxygen. 

WASP simulates nitrogen in three compounds, organic nitrogen, ammonia, and 

nitrate. Organic nitrogen is a breakdown product of a'lgae, is subject to 

settling and can be transformed biologically to ammonia. Ammonia, in 

addition to being a product of organic nitrogen, is also released from the 
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bottom sediments. Ammonia is subject to uptake by algae and nitrification, 
which transforms it into nitrate. Nitrate is subject to uptake by algae. 

Phosphorus iss i mul ated in two compounds, orthophosphorus and unava il ab 1 e 
phosphorus. Unava il ab 1 e phosphorus is the fract i on of total phosphorus 

that cannot be used by algae. Unava il ab 1 e phosphorus is the product of 

al-gae death and is subject to settling and microbiological transformation 
to orthophosphorus. Orthophosphorus is also released from the bottom and 
is taken up by algae growth. 

Dissolved oxygen is a function of reaeration from the surface, BOD 
oxidat ion, nitrification, bottom demand, and production or uses by algae. 

Reaeration is based on windspeed. Nitrification, BOD decay, and bottom 

re 1 eases of nutri ents and sedi ment oxygen demand is a funct i on of the 

dissolved oxygen in the bottom layers. 

For a further discussion of the WASP model, the reader is referred to WASP 

3 (Water Quality Analysis Program), a Hydrodynamic and Water Quality Model 

- Model Theory, Users Manual and Programmer's Guide, U.S. EPA, September 

1986. 

In using WASP for this project, data collected from September 1987 through 

August 1988 were used to cali brate water qual i ty models for Lakes Belton 

and Lake Stillhouse Hollow. The calibration procedure included developing 

flow and water volume balances for each lake. The data were employed in a 

sequential manner to adjust the model coefficients so that the calculated 

water qual ity was generally similar to the observed data. The sequence of 

comparisons of model output to observed data for coefficient adjustment was 

generally: 

1. Conductivity and temperature 

2. Total nitrogen and total phosphorus 

3. The individual chemical species of nitrogen and phosphorus 
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4. Chlorophyll 'a' 
5. BOD and dissolved oxygen 

The resultant model coefficients for each Lake are presented in Table IV-l 
and are within the range normally used in water quality modeling of this 
nature (Technical Guidance Manual for Performing Waste Load Allocations. 
Book IV Lakes and Impoundments. Chapter 2 Eutrophication, U.S. EPA, August 
1983, Rates. Constants. and Kinetics Formu1 ations in Surface Water Qual ity 
Modeling (Second Edition), U.S. EPA, June 1985, WASP 3 (Water Quality 
Ana 1 ys is Program). a Hydrodynami c and Water Qual ity Model - Model Theory. 
Users Manual and Programmer's Guide, U.S. EPA, September 1986). These 
coeffi c i ents are the same for each sect i on of a 1 ake and were not vari ed 
from segment to segment or from time peri od to time peri od except for 
temperature adjustments. The k i net i cs used in the model are summari zed in 
the Appendix. 

Lake Sti1lhouse Hollow Model Calibration. Figure IV-I0 is a sketch of Lake 
Still house showing 
Figures IV-II, IV-12, 

model segmentation and sampling locations. 
IV-13 and IV-14 i 11 ustrate the compari son between 

calculated and measured total nitrogen, total phosphorous, chlorophyll a, 
and dissolved oxygen for the three segments in Lake Sti1lhouse Hollow 
adjacent to the dam. The comparisons are typical of those normally 
obtained in this type of analysis and are representative of the order of 
comp~ri sons between cal cul ated and observed profil es for all of the Lake 
Sti1lhouse Hollow segments. The complete set of figures comparing 
calculated and observed water quality for each individual variable and each 
model segment in Lake Stil1house Holloware contained in the Appendix. 

It should also be noted that the model and observed data are not in 
agreement with respect to the factors that are limiting phytoplankton 
growth. The model contains phytoplankton inorganic nitrogen growth 
limitations, for some periods of the year, which are larger than reflected 



Number 

1 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 

17 

18 

19 
20 
21 
22 

23 
24 

Constant 

XKN 
XKON 
XKSEDN 
SETTON 
XDENIT 
ALGN 
UP 

XKNP 
NONPSET 
XKPSED 
Is 
XKPT 
KALD 
KALGRES 
KALGEAT 
Y 

KT I N 

KP0 4 

XKD 
XBOTDMD 
ALGBOD 
ALGDO 

XBODSET 
KBDN 

TABLE IV-1 

MODEL COEFFICIENTS FOR lAKES BELTON AND STlllUOUSE HOllOY 

Description 

Ammonia Decay a 20°C 
Organic N Conversion to NU 3 a 20°C 
Bottom release of NH3 
Settling rate of organic nitrogen (usually=w) 
Denitrification rate 
Nitrogen to carbon ratio In algae 
Phosphorous to carbon ratio In algae 
Nonavailable P conversions to available P 
Nonavailable P settling (usually=w) 
Bottom release of available P 
Optimal light Intensity 
Maximum algae growth rate Q 20°C 
Nonpredltory algae death rate Q 20°C 
Algae respiration Q 20°C 
Algae predation rate Q 20°C 
Algae settling rate 
Michaelis-Menton Nitrogen 

half-saturation constant 
Michaelis-Menton Phosphorous 

half-saturation constant 
BOD 5 decay a 20°c 
sediment oxygen demand a 20°C 
800 5 to carbon ratio in algae 
Dissolved oxygen to carbon ratio 

for algae use 
BOD 5 settling rate 
DO constant for detrlflcatlon 

Units 

1/day 
l/day 

mg/ft 2/day 
ft/day 
1/day 

mg N/mg C 
mg P/mg C 

l/day 
ft/day 

mg P/ft 2/day 
Ly/day 
l/day 
1/day 
l/day 
l/day 

ft/day 

mg/l 

mg/l 
1/day 

mg/ft 2/day 
mg BOD 5/mg C 

mg DO/mg C 
ft/day 
mg/l 

Belton 

• 1 2 

.15 

17 
... 92 

.01 

.15 

.01 

.15 
.492 

.80 
250 
2.5 
.01 
.09 
.04 

.492 

.015 

.001 
.05 

75 
1. 57 

2.67 
.492 

2. 

stillhouse 

• 1 
.07 

12 
.328 

.01 

.15 

.01 

.08 
.328 

.75 
250 
2.5 
.05 
.05 
.04 

.328 

.015 

.001 

.05 
110 

1.57 

2.67 
.328 

3. 



Number Constant 

25 KBPR 
26 SEDDNIT 
27 THNH4 
28 THON 
29 THSEDN 

30 THNONP 

31 THRP 

32 T HALG 

33 THALO 
34 THBOD 
35 THDO 

36 THDENIT 

TABLE IV-l 

MODEL COEFFICIENTS FOR LAKES BELTON AND STILLHOUSE HOLLOY 
(continued) 

Description Units 

DO constant for bottom phosphorous release mgll 
Bottom denitrification mg/ft 2/day 
Temperature conversion for NH3 decay 
Temperature conversion for ON-NH 3 conversion 
Temperature conversion for bottom release 

of nitrogen 
Temperature conversion for nonavai lable P 

to avai lable P 
Temperature conversion for bottom release 

of phosphorous 
Temperature conversion for algae growth, 

grazing and respiration 
Temperature conversion for algae growth 
Temperature conversion for BODS decay 
Temperature conversion for sediment 

oxygen demand 
Temperature conversion for denitrification 

Belton Sti llhouse 

2. 3. 
.002 .002 

1.083 1.083 
1 .083 1 .083 

1.083 1.083 

1.083 1.083 

1.083 1. 083 

1. 068 1 .068 
1.045 1. 045 
1.045 1.045 

1 .045 1.045 
1.047 1. 047 
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by the observed data. This is illustrated in Figure IV-IS, which presents 

compari sons of nutri ent 1 i mitat i on factors expressed as the fract i on of 

maximum phytoplankton growth. These factors were cal cul ated as discussed 

on page II-3S. One calculation is based on observed nutrient data and 

another is based on nutri ent profiles generated by the WASP model for 

inorganic nitrogen and orthophosphorous, respectively. 

Lake Belton Model Cal ibration. Figure IV-16 is a sketch of Lake Belton 

illustrating the model segmentation and sampling locations. Figures IV-17, 

IV-18, and IV-19 illustrate the comparison between calculated and measured 

total nitrogen, chlorophyll a, and dissolved oxygen for the three segments 

in Lake Belton adjacent to the ~dam. The comparisons are comparable to 

those obtained for Lake St i 11 house Hollow and are representat i ve of the 

order of compari sons between cal cul ated and observed profi 1 es for all of 

the Lake Belton Segments. The complete set of figures comparing calculated 

and observed water quality for each individual variable and each model 

segment in Lake Belton are contained in the Appendix. 

Figure IV-20 presents information on growth rate reductions due to nutrient 

limitations considering both the observed nutrient data and the calculated 

nutrient profiles. As was the case for Lake Stillhouse Hollow, the model 

and observations are not in agreement with respect to the factors that are 

limiting phytoplankton growth. The model contains phytoplankton inorganic 

nitrogen growth limitations, for some periods of the year, which are larger 

than those reflected by the observed data. 

Use of Lake Models and Water Quality Data to Assess Water Quality Impacts 

Projections of the direct water quality effects in Lakes Stillhouse Hollow 

and Belton were developed for the eight loading scenarios indicated in 

Table IV-2. These scenarios were selected to determine the sensitivity of 
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TABLE IV-2 

LOADING SCENARIOS USED IN PROJECTIONS 
FOR LAKES BELTON AND STILlHOUSE HOllOW 

Change in loading(1) 

Scenario Point Nonpoint 
No. Sources Sources 

1 0 -15% 
2 0 +15% 
3 +50% 0 
4 +50% +15% 
5 -25% 0 
6 +15% 0 
7 -15% 0 
8 -25% -15% 

IBoth nitrogen and phosphorous loads were 
changed by the amounts shown. 
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lake water qual ity to changes in nutrient loading. Both nitrogen· and 
phosphorous input loads were increased in the proportions shown. The 
changes in calculated chlorophyll 'a' were very small as illustrated in . 
Figures IV-21 and IV-22 where the calculated chlorophyll 'a' profiles are 
presented for the two most extreme loading scenarios from Table IV-2. As a 
final check the year 2030 pollution loads shown in Figures 111-2 and 111-3 
were tested. For Lake Still house Hollow, the Killeen/Harker Heights 
diversion was included without advanced waste treatment. As can be seen in 
Figures IV-21 and IV-22, projected nutrient loads could have a significant 
impact on Lake Sti11house and a lesser impact on Lake Belton. 

A series of model runs were obtained which explored the relative roles of 
point and nonpoint source nutrient inputs and the source of nutrients from 
the sediment. Based on these calculations, which were sensitivity runs 
using the calibrated models for each lake, it was concluded that the 
sedi ment source of nitrogen was the input contro 11 i ng nitrogen 
concentrations. This conclusion was made because a significant input from 
lake sediments had to be included in the mass balance to obtain the 
observed nutrient concentration levels. In calculations where this source 
was eliminated from consideration the chlorophyll 'a' concentrations were 
reduced by more then 80 percent. 

This situation has been observed in a number of other water bodies and is a 
current area of very intensive research activity. The basic concern with 
the effects of changes in nutri ent inputs (either increases or decreases) 
shifts from immediate increases in chlorophyll 'a' to long term slow 
changes in chlorophyll 'a' concentrations. Water quality changes are 
associated with nutrient accumulations in the sediment and subsequent 
changes in the rate of release of nutrients from the sediment over time. 
Therefore, even though the direct effects of changes in nutrient inputs are 
estimated to be small there are concerns that the long term impacts will be 
larger. It should be recognized that this is a phenomenon which has only 
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recently been identified. Unambiguous demonstration that long term water 
quality impacts from either increases or decreases in nutrient loads which 
change sediment nutrient accumulations and alter nutrient release rates is 
not fully documented. 

Managers of major water bodies, where this situation has been encountered, 
have elected to initially assume that the speculated long term relationship 
between nutrient inputs and water quality changes are real and have 
introduced programs for managing nutrient inputs to the water bodies. 

Examination of both observed data and the model indicates that nitrogen is 
the limiting nutrient in both lakes during most of the year. Additional 
sensitivity calculations were developed, for each of the lakes, to examine 
the possibility that the limiting nutrient could periodically be 
phosphorous. Th is was accompli shed by comput i ng the i n-1 ake growth rate 
reduction using values of the Michaelis-Menton half saturation coefficient 
for phosphorous from the 1 iterature. These cal cu1 at ions suggested that, 
under a seri es of p 1 aus i b1 e assumptions, it is poss i b 1 e that phosphorous 
could become the limiting nutrient for some periods of time. In view of 
this finding a set of sensitivity calculations were made to estimate the 
importance of extern a 1 phosphorous loads from poi nt and non poi nt sources 
compared to the sediment. For phosphorous, both the sediments and external 
inputs appear important loading sources in each of the lakes. 

The data from the sampling program of this project indicate that 
chlorophyll 'a' concentrations averaged slightly in excess of 11 ug/l in 
1987 through 1988 in contrast to the hi stori cal values presented in the 
State of Texas 1986 Water Quality Inventory which averaged less than 3 ug/l 
in the main segment of both Lakes Belton and Stillhouse Hollow adjacent to 
the respective dams. The average chlorophyll 'a'· values of 11 ug/l 
observed in thi s study represent good water quality. Further, thi s order 
of chlorophyll 'a' concentration is usually not in itself associated with 
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water qual ity problems and water qual ity objectives from 10 to 25 ug/l 

ch 1 orophyll 'a' whi ch have been suggested for 1 akes in other parts of the 

nation. If, however, the increased concentration of chlorophyll 'a' is part 

of a trend of rapidly decreasing water qual ity and increasing chlorophyll 

'a' concentrations then there is a water quality concern. 

The examination of historical chlorophyll 'a' data for Lake Stillhouse 

Ho 11 ow near the dam presented in Chapter II i nd i cates a poss i b 1 e trend 

toward increasing algae concentrations at this location. The above 

observation should alert water resource managers concerning a possible 

adverse trend and the need to 1 imit nutri ent inputs to Lake St ill house 

Hollow pending collection of additional data and the verification of the 

model used in this study. 

An examination of the Lake Belton water quality data in the upstream 

sampl ing stations indicate that the chlorophyll 'a' concentrations in the 

upstream stations on the Cowhouse arm of Lake Belton and on the upstream 

station of Lake Stillhouse Hollow averaged 2 to 2.5 times the concentration 

in the main lake stations adjacent to the dam. Criteria for local water 

quality in upstream ends of lake arms or coves are not available to judge 

these chlorophyll 'a ' val ues. The Leon Ri ver arm of Lake Belton averages 

over 15 times the con cent rat ion in the main segment of the 1 ake near the 

dam. The chlorophyll 'a' data in the upstream stat i on of the Leon arm were 

mostly in excess of 100 ug/l. This is a very high concentration value and 

would inhibit local water use due to appearance and fluctuations in 

dissolved oxygen concentrations. At these very high concentrations light 

1 imitations would be extreme and could indicate that ·some local upstream 

source is supplying chlorophyll 'a' while the lake arm is acting as a 

collecting segment and sink to the sediments. This source could be a 

combination of wastewater treatment plant effluent and cultivated 

agriculture which 'is known to occur in close proximity to the Leon River 

arm of Lake Belton. 



CONCLUSIONS 

CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

Lakes Belton and Still house Hollow have been classified by the Texas Water 
Commi ss i on as two of the cl eanest lakes in the State based on Carl son's 
Trophic State Index parameters set in The State of Texas Water Qual ity 
Inventory, 8th Edition, 1986. Water quality data collected in this study 
and presented herei n in Chapter I I show annual average chlorophyll ' a' 
va 1 ues of about 11 ug/l at the dam of each 1 ake. Based on th is exi st i ng 
water quality and expected year to year variations, which are essentially 
uncontrollable, an annual average chlorophyll 'a' of between 10 and 15 ug/l 
at the dam of each 1 ake shoul d be used as an i nd i cator of good water 
quality. In other words we suggest that existing annual average chlorophyll 
'a' values would provide an appropriate target. 

Water quality data also indicate that Lake Stillhouse Hollow water quality 
in terms of algae growth (as measured by chlorophyll 'a') is deteri or at i ng 
with time. Sampling data collected for this study for both lakes showed 
higher levels of algae than the historical data. Lake Belton has excessive 
levels in the Leon River arm of the lake. These increased levels of algae 
may be due to the continuing point and nonpoint discharges and accumulation 
of nutrients (i.e., nitrogen and phosphorous) into the lakes. Much of the 
nutrient load entering the lakes settles to the bottom with soil particles 
or dead algae and can be recycled back into the water column to contribute 
to future increases in algae population. Some of the differences in algae 
population could be attributed to differences in climate conditions. 

Results of preliminary water quality modeling performed in this study 
indicate that Lake Stillhouse Hollow would be adversely impacted by point 
source nutrient loads unless advanced waste treatment is required to reduce 
these loads. As shown in Chapter IV, discharges of year 2030 Killeen/Harker 
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Heights area point sources without advanced waste treatment would increase 
ch 1 orophyll 'a' values at the dam by 50 percent or more for approxi mate 1 y 
six months of the year as compared to other scenari os i nvo 1 vi ng up to 50 
percent and 15 percent increases in existing point and nonpoint nitrogen and 
phosphorus loads. The projected values would be above existing chlorophyll 

'a' concentrations and the projected values would be above the 10 to 15 ug/l 
target for Lake Stillhouse Hollow. 

As further indicated in Chapter IV, chlorophyll 'a' concentrations at the 
dam in Lake Belton would not be significantly affected by projected point 
source di scharges. Therefore the exi st i ng chlorophyll 'a' concentrat ions 
would be essentially unchanged. However, as shown in Figure 11-13 for sites 
9 and la, chlorophyll 'a' in the upper arm of Lake Belton is frequently in 
excess of 100 ug/l. This concentration is above any reasonable criteria. 

RECOMMENDATIONS 

Based on the above conclusions the following recommendations are made 

relative to Lakes Belton and Stillhouse Hollow: 

1. The discharges into the lakes from point sources should be strongly 

discouraged in order to reduce nutrient loadings to the lakes. 

2. Di scharges into the 1 akes, if all owed, shoul d be subject to the 

following conditions: 

Treatment plants should be operated by an operator with at 

least a Class B certification. 
Treatment plants should include effluent filters. 
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Treatment pl ants shoul d be monitored in accordance with the 

requ i rements of the Texas Water Commi ss i on rul es and 

regulations at a minimum frequency of once per week using a 24-

hour composite sample. 

Treatment plants shoul d be constructed ina manner whi ch wi 11 

facilitate future addition of facilities to reduce nitrogen and 

phosphorus, if necessary. 

Before a permit is granted an analysis should be required to 

determi ne the 1 oca 1 i zed water quality impact of the di scharge 

on cove and/or backwater areas. 

3. An ongoi ng water quality monitori ng program of each of the 1 akes 

should be implemented. Additionally, an annual water quality 

as sessment report shoul d be prepared and the 1 ake water quality 

models used in this study should be verified. 

Based on the stream water quality modeling performed in this study, a 

number of wastewater treatment pl ants in the study area may have more 

stringent permit limits imposed on their effluent discharges in the future. 

This may be observed in. Table V-I, which shows projected effluent 1 imits 

for wastewater treatment plants discharging into streams modeled in this 

study. Wastewater treatment pl ants which may have stricter permit 1 imits 

imposed in the future i ncl ude those operated by the City of Gatesvi 11 e, 

North Fort Hood, the City of Oglesby, the Temple-Belton Regional Sewerage 

System, Bell County WCID No.1, the City of Lampasas (both plants), and the 

City of Copperas Cove (three plants). 



TABLE V-I 

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS 
FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA 

Model 

Leon River above 
Lake Belton 

Model 

Leon River Below 
Lake Belton 

Year 

1990 
2000 
2010 
2020 
2030 

Gatesville 
(MGD) 

1.14 
1.52 
2.02 
2.68 
3.62 

Projected Flows 
North 

Fort Hood Oglesby 
(MGD) (MGD) 

0.25 0.05 
0.33 0.06 
0.44 0.07 
0.59 0.07 
0.79 0.08 

Model 
Total Flow from Hypothetical WWTP's 

(MGD) 

Lampasas River Below Lake 
Stillhouse Hollow 

0.65 

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO. 

Reguired Effluent Qualit~ 
North 

Gatesvi 11 e Fort Hood Oglesby 

10/2/6 10/15/2 10/15/2 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 
10/2/6 10/3/4 10/3/4 

Temple-Belton Regional Sewerage System 
For Permitted Flow of 10 MGD 

10/2/6 

Required Effluent Quality 

20/15/2 



TABLE V-I 

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS 
FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA 

(continued) 

Projected Flows Reguired Effluent Qualit~ 
Harker Harker 
Heights Heights 

WCID #1 WCID #1 WCID #4 WelD #3 WCID #1 WCID #1 WCID #4 WCID #3 
(MGD) STP #2 (MGD) (MGD) STP #2 

Model Year (MGD) 

Alternative #1 

Nolan Creek Model 1990 14.37 0.00 1. 51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1.93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 3.64 3.00 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.68 3.72 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Alternative #2 

1990 14.37 0.00 1. 51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1.93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 3.45 3.00 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 7.11 3.72 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Alternative #3 

1990 14.37 0.00 1. 51 0.20 10/2/6 10/3/4 10/15/2 
2000 16.53 0.00 1. 93 0.26 10/2/6 10/3/4 10/15/2 
2010 17.04 1.06 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2 
2020 19.16 2.22 2.44 0.44 7/2/6 7/2/6 10/3/4 10/15/2 
2030 19.16 4.16 2.70 0.56 7/2/6 7/2/6 10/3/4 10/15/2 

Note: Effluent Requirements shown in terms of BOD/NH3_N/DO. 


